Abstract -In the last century, interactions between Electro Magnetic Fields (EMF) and biological systems have been studied by many disciplines. One of the most common methods is the use of computer simulations to investigate the effects of EMF on biological systems. Nearly all frequency bands and tissue types were studied in previous researches; the focus of recent researches has been on the communication frequency area and brain tissue. Accordingly, communication frequency area and brain tissue are modelled in the current study for different cases. As one of the most commonly used frequencies in cellular communication the different strengths of EMF at 900 MHz were evaluated and the resulting thermal effect on the human brain was investigated using a software package. As a result, remarkable temperature changes were obtained under different electromagnetic strengths.
Introduction
Direct or indirect exposure of billions of people to EMF has drawn the interest and attention of the scientific world to the possible related health risks. As a result of the rapid spread of communication devices in the last decades, more focus has been placed on the issue of EMF exposure. However, exposure to EMF is a general expression which describes all frequency bands. Therefore, the spreading frequency of the EMF is crucial, during the investigation of the thermal effect of EMF on biological tissues. Since, the propagation of EMF in the biological tissues and the effects on tissues are directly associated with spreading frequency [1, 2] .
Possible harmful effects of the EMF due to increase in the number of mobile phone subscribers have attracted the attention of not only scientific world but also public interest [3] . At this point, revealing the physical and biochemical effects of EMF exposure mechanism plays an important role in the elimination of public concern. Therefore, international organizations specified standards about exposure to EMF [4] [5] [6] .
Numerous researches have been carried out on the possible harmful effects of EMF. However, humans cannot be used as subjects of these works, because of academic ethics. Indeed, as it is indicated in the study of [7] , there is a need for structures that simulate human tissues or computer simulations. In this regard, the most common utilized tools are computer programs. Several advantages can be obtained by using computer programs. Computer programs provide an opportunity to numerous variations without cost; also multiple numbers of analyses can be concluded within shorter periods.
There are a few important points to be noted while analyses are carried out with computer simulations. These are the spreading frequency, strength of EMF, exposure duration and the properties of the material to be affected. In this study the effect of EMF is investigated for 900 MHz frequency and different strengths. 900 MHz is selected for its common worldwide use as a second generation communication frequency. Another important issue is the selection of tissue exposed to EMF. In this study, brain tissue is selected for investigation of EMF effect. Since, the highest rates of exposure takes place in the head region.
Modelling of the Mobile Phone Effect on Brain Tissue
In this study, the assessment of the temperature distribution through the brain tissue was obtained by using a finite element Abaqus software package. Abaqus is a powerful software in the analysis of heating, mechanic and, electromagnetic situations and etc. A mobile phone, modelled as a heat flux source, was applied to brain tissue. The brain tissue was designed as a half sphere to easily monitor the effect of the EMF. The designed simulation environment is presented in Figure 1 . As seen in Figure 1 , mobile phone was modelled as a heat source in the Abaqus and the brain was modelled as a half sphere. Brain was modelled by some coefficients which were used in previous researches [8] . The coefficients related with the brain tissue are as follows: As known from literature, mobile phones can emit peak powers of 2 W, but mean outputs of mobile phones are approximately 125 mW at 900 MHz frequency, due to the reasons such as time division multiplexing (duty factor 1/8) [9] . However, in the scope of this study, mobile phone is considered as a heat flux source; therefore power density of the mobile phone was taken into consideration. The power density which is produced by mobile phone can be calculated using the Seybold's study [10] .
Antenna output power of the commercially available mobile phones varies from 0.5 W to 2 W. The power density formula of [11] can be used in order to calculate the power density of the antenna output power. In this study, the output powers of 0.5 W, 1 W, 1.5 W and 2 W were used, respectively. Then, their power densities were found depending on the [11], 1.35275 W/m2, 2.7055 W/m2, 4.05825 W/m2, 5.411 W/m2, respectively. Brain which was modelled with specified coefficients were exposed to different power densities for the duration of 1800 second (30 minutes) and observed temperature distributions are presented in Figure 2 .
As seen in Figure 2 , maximum temperature rise in brain was obtained as about 0.18 °C for exposure of 1800 seconds to mobile phone which emitted power of 2 W. Maximum temperature rise was obtained in the closest area to mobile phone and almost no rise in temperature was observed beyond distance of average 40 mm. The results obtained in this study are in a good agreement with the [11] . Most of the mobile phones available in the markets broadcast about 1W EMF. The phone, which has 1W output power, causes about 0.09 °C temperature rise. This amount of temperature rise is good news for many mobile phone users. Figure 2 shows the results of exposure to 900 MHz EMF for the duration of 1800 seconds. However, in Figure 2 , no information is given about the temperature change within 1800 seconds. Accordingly, the temperature change during the brain-phone interface for the region subject to the maximum temperature distribution is presented in Figure 3 .
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As seen in Figure 3 , the maximum temperature rise was observed during the exposure to 2W. Although the exposure duration to EMF was long enough, observed maximum temperature was about 0.18 o C. The results are in a good agreement with the authors' previous experimental research [12] . Perfusion characteristics of the human body can be corresponded with the exponential behaviour of the temperature rise in the brain. It should be also noted that significant portion of the observed maximum temperature was obtained within the first 900 seconds. As seen in Figure 3 , the duration of the phone call is crucial for human health. Indeed, the temperature rise within the first 300 seconds occurs at a higher rate than the temperature rise within the last 300 seconds. It must be noted that the first 300 seconds is crucial for most of the calls send within this period.
Conclusion
In this study, thermal effect of EMF is modelled for different conditions, which is rather new in modelling of the thermal effect of EMF. Indeed, there is no tool for modelling the EMF as a magnetic field source. Therefore, in this study EMF is considered as a heat flux source. As remarked in the paper, considering the EMF as a heat flux source is a new viewpoint. Afterwards, it is applied to brain tissue which is electrically specified and temperature changes were observed. 0.18 o C maximum temperature rise was observed under exposure to 2 W electromagnetic power for the duration of 1800 second. The simulation results are also in an agreement with the experimental and analytical studies which are cited in the paper.
